Objective: Many mothers of very low birthweight infants are breast pump-dependent for weeks or months and need a breast pump that is efficient, effective, comfortable, and convenient. Study design: This multisite, blinded, randomized clinical trial compared the efficiency, efficacy, comfort, and convenience of the Symphony ® breast pump (Medela, McHenry, IL) (SBP) to the Classic ® breast pump (Medela) (CBP) and also compared these same outcome measures for single-and multiphase suction patterns used in the SBP. All 100 mothers initiated lactation with the CBP and were randomized to single-and multiphase suction patterns in the SBP when daily milk output was at least 350 mL/day. Protocol I included 35 mothers who compared each of three suction patterns in the SBP on two separate occasions (six observations) in the neonatal intensive care unit and used the CBP for all other pumpings. Protocol II included 65 mothers who compared single-and multiphase patterns in the SBP for 7 days and then returned to the CBP for 5 days. Results: The onset of milk ejection was quicker (P Ͻ 0.05) for the single-versus multiphase patterns in the SBP, suggesting that mothers had become conditioned to the unphysiolologic single-phase pattern in the CBP. However, all other measures of efficiency and efficacy were not significantly different, including milk output at 5-minute intervals. When asked to compare the SBP and the CBP, mothers in Protocol 1 rated the SBP as significantly more efficient, effective, comfortable, and convenient than the CBP (P Ͻ 0.05), regardless of the suction pattern in the SBP. Similarly, mothers in Protocol II rated the SBP significantly (P Ͻ 0.05) more comfortable than the CBP, regardless of the specific pattern in the SBP. Conclusions: These findings suggest that the SBP was as efficient and effective as the CBP but was significantly more comfortable to use for pump-dependent mothers of very low birthweight infants.
Introduction

F
ORTIFIED OWN MOTHER'S MILK is the recommended feeding for very low birthweight (VLBW) (Ͻ1,500 g) infants 1 because it provides protection from prematurity-specific morbidities such as nosocomial infection, necrotizing enterocolitis, enteral feed intolerance, chronic lung disease, and retinopathy of prematurity. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] In order to produce milk for a VLBW infant, mothers must initiate and maintain lactation with a mechanical breast pump, and many of these women remain pump-dependent for weeks or months before the infant can consume an adequate volume of milk from the breast and pumping can be discontinued. Whereas several studies have detailed the physiology of lactation for mothers who feed term healthy infants at breast, [13] [14] [15] [16] [17] few researchers have studied these processes specifically in pumpdependent, non-breastfeeding mothers. [18] [19] [20] [21] [22] [23] [24] [25] The existing data suggest that these women are at risk for low milk volume when compared with mothers of healthy breastfeeding infants. [19] [20] [21] [22] [23] Several studies have focused on maternal, envi-ronmental, and lactation management factors that influence maternal milk volume in pump-dependent women, such as maternal stress and anxiety, skin-to-skin holding, and number of daily milk expressions. [19] [20] [21] 24, 25 However, little is known about how properties of the breast pump itself affect milk volume during initiation and maintenance of lactation in mothers who are pump-dependent over prolonged time periods.
A breast pump must be efficient, effective, comfortable, and convenient if it is to replace a healthy breastfeeding infant over the first weeks post-birth. Despite the importance of protecting maternal milk volume in pump-dependent mothers with VLBW infants, only four blinded randomized studies have examined any of these outcomes in a clinical trial format that controlled for or reported extraneous variables that affect maternal milk output in the neonatal intensive care unit (NICU). [26] [27] [28] [29] Of these studies, three compared the efficacy of sequential single versus simultaneous double breast pumping, [27] [28] [29] and one compared the efficacy of different breast pumps. 26 The purpose of the present research was to compare the efficiency, efficacy, comfort, and convenience of the Symphony ® breast pump (Medela, McHenry, IL) (SBP) to the Classic ® breast pump (Medela) (CBP), a pump that has long been the standard breast pump in many NICUs throughout the world. This study also compared these same outcomes for single-phase and multiphase suction patterns used in the SBP.
Materials and Methods
Study design
This was a multisite, blinded, randomized clinical trial that examined the efficiency, efficacy, comfort, and convenience of three different suction patterns used in the new SBP and also compared the SBP to the CBP. The suction patterns studied in the SBP included one single-phase and two multiphase patterns. Single-phase patterns use a uniform repeating cycle of suction and release. The single-phase pattern used in the SBP was identical to the suction pattern used in the CBP. Multiphase patterns employ varying speeds and intensities of suction and release cycles to mimic the breastfeeding infant. The multiphase suction patterns used in the SBP included a two-phase and a three-phase pattern.
All mothers initiated lactation with the CBP within 48 hours after birth and recorded milk volume separately for the right and left breasts for all milk expressions thereafter. All mothers initiated lactation with the CBP because it was the standard pump used in the four study sites and was considered the most effective pump for initiating lactation in mothers of preterm infants in the research sites at the time this study began. Thus, the investigators thought it most ethical and of greater research rigor to initiate lactation with a pump known to be effective, so all women initiated lactation with the CBP. Once a consistent daily milk volume of at least 350 mL was achieved, mothers entered one of two protocols to evaluate the SBP. Two different protocols were used to evaluate the suction patterns and pumps under two circumstances: a controlled, laboratory-like setting that allowed comparison of short-term outcome measures (Protocol I) and a realistic home-hospital setting that allowed comparison of outcome measures over a 7-day trial period (Protocol II). Figure 1 depicts these separate, but related protocols, and delineates which outcome measures were addressed in each protocol.
In Protocol I, all women initiated lactation with and continued using the CBP exclusively, with the exception of testing three different suction patterns (single-, two-, and threephase patterns) in the SBP on six separate pumping episodes over a 2-week period. The order of the suction patterns was assigned randomly, and women were blinded to the tested pattern. The randomization plan was designed so that mothers tested each of the three suction patterns once before using them a second time. The design and frequency of suction pattern testing used in this study are consistent with those used in previous research with mothers of term infants. 30 For each of the observed pumping sessions, the following variables were measured: the time to milk ejection; total pumping time; milk output at 5-minute intervals; the percentage of total milk output at 5-minute intervals; speed of milk flow; total milk output; post-pumping creamatocrit values; the degree of breast fullness at the completion of pumping; the percentage of available milk removed; and maternal perceptions of the efficiency, efficacy, comfort, and convenience of the suction pattern. Portions of the methodology for Protocol I were described previously 18 and are further detailed here.
In Protocol II, all women initiated lactation with the CBP and, once they achieved a daily milk output of at least 350 mL/day, switched to exclusive use of the SBP for the next 7 days. These women were randomized to one of two suction patterns (a single-or two-phase pattern) for use in the SBP for the entire 7-day period. Both the researchers and mothers were blinded to the assigned suction pattern. After the 7-day period, the women returned to using the CBP exclusively for 5 additional days. The following outcomes were measured after 7 consecutive days of using the SBP and again after 5 consecutive days of returning to the use of the CBP: mean total daily milk output; post-pumping creamatocrit values; the degree of breast fullness at the completion of pumping; percentage of available milk removed and maternal perceptions of the efficiency, efficacy, comfort and convenience of the suction patterns.
Sample
English-and Spanish-speaking mothers of infants with birthweights Ͻ1,250 g and/or gestational age Յ32 weeks who chose to provide milk for their infants were approached to participate and signed a written consent approved by the institutional review committee for each participating institution. 31, 32 so that extraneous variables known to affect milk output, such as skinto-skin holding 24, 25 and correct fitting of breast shield sizes, 33 could be standardized across sites. Protocol I was implemented exclusively at Rush University Medical Center, and Protocol II was implemented at each of the other three study sites. Thirty-five mothers completed Protocol I, and 65 mothers completed Protocol II. The characteristics of the study mothers for the two protocols are described in Table 1 . Within Protocol II, these same maternal characteristics were statistically similar for the mothers assigned to the two comparison groups.
Measures
Maternal demographic and health information (Protocols I and II). This information was obtained by maternal self-report and by review of hospital records for the infant and mother.
Daily maternal milk output (Protocols I and II). All mothers were provided with identical maternal milk output records and were instructed to record the following infor-
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FIG. 1.
Depiction of Protocols I and II with respective outcome measures.
mation for each milk expression throughout the entire study period, separately for each breast: date, start and stop time of milk expression, and milk output (mL).
Efficiency of milk removal (Protocol I only). The efficiency of milk removal was evaluated using five measures:
• Time to milk ejection was measured in seconds by a nurse researcher who used a stopwatch to document the time interval from the beginning of the pumping session until the onset of a steady flow of milk.
• Total pumping time was measured in minutes and seconds by a nurse researcher who used a stopwatch to document the time interval from the beginning of the pumping session until 2 minutes after a steady flow of milk stopped.
• Milk output at 5-minute intervals was measured by collecting and weighing the milk output (mL) on an electronic balance accurate to Ϯ0.1 g (model 1479S, Tanita ® , Tokyo, Japan) at 5-minute intervals from the start to the completion of the pumping session.
• Percentage of total milk output at 5-minute intervals was calculated by dividing the milk output at each 5-minute interval by the total milk output for the pumping session.
• Speed of milk flow was measured by calculating the total milk output (mL) per total minutes of pumping.
Efficacy of milk removal (Protocols I and II). The efficacy of milk removal was evaluated using four measures:
• Total milk output was measured in Protocol I by weighing milk output on an electronic balance at 5-minute intervals for the entire pumping session and then summing these values. For Protocol II, mothers measured milk output volumetrically using storage containers that were scored in 10-mL increments and recorded the values in the Maternal Milk Output record.
• Post-pumping creamatocrit values were measured on hindmilk specimens obtained at the completion of pumping sessions, using procedures described by Meier et al. 34 • Degree of breast fullness at the completion of pumping was calculated using procedures initially reported by Daley et al., 15, 35 which subsequently have become the standard measurement technique for quantification of this variable in lactation research. 13, 16, 18, 30 Simply stated, a milk sample from the full breast has lower lipid content than one from the same emptied breast. The degree of breast fullness at the completion of pumping is computed using an algorithm based on differences in milk lipid content between the full and emptied breast. In this study, once the woman had achieved a total daily milk output of at least 350 mL/day, milk drops (Ͻ1 mL) were collected from each breast immediately before the onset and again at the completion of pumping for a 24-hour period. The high and low creamatocrit values were determined and then used to calculate the degree of breast fullness associated with each creamatocrit value.
• Percentage of available milk removed was calculated using the following procedures. The validity of these procedures has been documented by Daley et al. 15, 35 This measure is used in combination with the degree of breast fullness at the completion of pumping to determine for each mother how much of the milk in the individual breast was removed by the suction pattern being tested. As such, it is a more sensitive measure of efficacy of a breast pump than is the quantification of maternal milk output alone. Calculation of this variable also incorporates an algorithm based on changes in milk lipid content between the full and emptied breast and was performed in the following manner. First, once the woman had achieved a total daily milk output of at least 350 mL/day, milk drops (Ͻ1 mL) were collected from each breast immediately before the onset and again at the completion of pumping for a 24-hour period. The high and low creamatocrit values were determined and then used to calculate the degree of breast fullness associated with each creamatocrit value. Then, milk drops (Ͻ1 mL) were collected from each breast immediately before the onset and again at the completion of pumping for each observed pumping sessions (Protocol I) or on each of the final days for the study and post-study phases for Protocol II. These creamatocrit values were used in combination with the creamatocrits and milk outputs from the observed pumping sessions to estimate the storage capacity of each breast and then calculate the percentage of available milk removed.
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Maternal perceptions of efficiency, efficacy, comfort, and convenience (Protocols I and II). A 1-page questionnaire was used to measure maternal perceptions of efficiency, efficacy, comfort, and convenience by asking mothers to evaluate the suction patterns using a 5-point Likert scale (1 ϭ strongly disagree, 5 ϭ strongly agree). Maternal perceptions of efficiency and effectiveness were measured by three items that asked the mother to rate the quickness of milk flow, the rhythm of the suction pattern, and whether the pump removed most of the milk. Maternal perception of comfort was measured by two items that asked the mother how comfortable the pump was to use and whether the suction pattern felt natural. Maternal convenience was measured by two items that asked the mother to rate the pump on ease of use and whether use of this pump saved time. Scores for these items were totaled for statistical comparisons.
For Protocol I, five additional items on the questionnaire asked the mother to rate the suction pattern in the SBP in comparison to the CBP. Although mothers initially rated their responses on the 5-point scale described above, data were collapsed into the categories of agree or disagree (1-3 ϭ disagree, 4-5 ϭ agree) for statistical analysis.
Procedures
Mothers were approached for participation in the study within 48 hours after birth. Once informed consent was obtained, maternal demographic and health information was collected, and mothers received instructions for maintaining milk output records. When a milk output of 350 mL/day was consistently achieved, mothers were given a supply of 2-mL prelabeled specimen containers to collect pre-and post-pumping samples from each breast separately for each pumping session for a consecutive 24-hour period. These specimens were frozen at Ϫ20°C, and creamatocrits were later performed to calculate baseline degree of breast fullness at the completion of pumping and the percentage of available milk removed. At this point, mothers entered one of two study protocols.
Protocol I. Protocol I mothers tested three different suction patterns in the SBP on two separate occasions in a blinded and randomized manner, as detailed in the study design. These pumping sessions occurred at the same time each day (Ϯ1 hour) over a 2-week period. Blinding of the women to the assigned suction pattern was possible because of the unique feature of the SBP, which allows the insertion of preprogrammed computer cards into the back of the pump. Although these computer cards look identical, the cards contained different programs to control the rate, rhythm, and pressures of suction in the SBP. The pumping sessions occurred under the direct supervision of a research nurse who assisted the mothers in using the pump, collecting the milk specimens, and completing the Maternal Perceptions Questionnaire. The research nurse also recorded variables as detailed in the measures section. Pre-and post-pumping milk specimens were collected separately for both breasts for each observed pumping session to measure creamatocrits and to calculate the degree of breast fullness and percentage of available milk removed at the completion of pumping for each of the suction patterns. These specimens were stored at Ϫ20°C until creamatocrits were performed. At the end of the six observed pumping sessions, the mothers in Protocol I were asked to select which of the three pumping patterns they wished to use in the SBP throughout the remainder of their infant's NICU stay.
Protocol II. Protocol II mothers switched from the CBP to exclusive use of the SBP for a 7-day period. Mothers were randomly assigned to use either a single-phase (identical to the CBP suction pattern) or a two-phase suction pattern in the SBP for the entire 7 days. At the completion of the 7-day period, mothers returned to using the CBP exclusively for 5 additional days. Mothers maintained Maternal Milk Output records throughout the study period. Mothers completed the Maternal Perceptions Questionnaire and provided pre-and post-pumping milk specimens for each breast separately on day 7 of using the SBP and Day 5 after returning to the CBP.
Data analysis
Data were processed and analyzed using Microsoft (Redford, WA) Excel and SPSS (Chicago, IL) Windows version 14.0. Data were described using frequencies and univariate statistics. A Type 1 error of 5% was used for all tests of statistical significance. Independent t tests were used for statistical comparisons involving two independent groups. Paired t tests were used for statistical comparisons involving two dependent groups, and repeated-measures analysis of variance was performed for statistical comparisons involving three dependent groups. Tests of binomial proportions were used for statistical comparisons involving dependent categorical data.
Results
Efficiency of milk removal
The efficiency of milk removal for the single-and multiphase patterns used in the SBP is summarized in Table 2 . The time to milk ejection was significantly shorter for the single-versus the multiphase patterns. No other statistically significant differences were found among the suction patterns for any of the other measures of efficiency, including total pumping time, milk output at 5-minute intervals, percentage of total milk output at 5-minute intervals, and speed of milk flow.
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Efficacy of milk removal
The efficacy of milk removal for the single-and multiphase patterns used in the SBP is summarized in Table 3 for Protocol I and Table 4 for Protocol II. Total milk output, postpumping creamatocrit values, the degree of breast fullness at the completion of pumping, and the percentage of available milk removed were similar for all of the tested suction patterns, and there were no statistically significant differences among the patterns.
Maternal perceptions of efficiency, efficacy, comfort, and convenience
The maternal perceptions of efficiency, efficacy, comfort, and convenience are summarized in Tables 5 and 6 . Women in Protocol I gave high scores to all three suction patterns (single-, two-, and three-phase) used in the observed pumping sessions with the SBP; there were no statistically significant differences among the patterns (Table 5) . However, at the completion of the study, only three (8.6%) of the mothers in Protocol I selected the single-phase suction pattern for continued use in the SBP for the remainder of their infant's NICU stay. The majority of the women selected the twophase pattern (n ϭ 22, 62.9%). The remaining women selected the three-phase pattern (n ϭ 8, 22.9%) or indicated that they would accept either the two-or three-phase pattern (n ϭ 2, 5.7%).
When asked to compare the SBP to the CBP, these women rated the SBP significantly more efficient, effective, comfortable, and convenient than the CBP, regardless of the specific suction pattern used in the SBP. When compared to the CBP, women indicated that the SBP was faster overall, that their milk flowed faster, that their breasts were emptier, and that the SBP was more comfortable and more natural. Statistical analysis of binomial proportions showed that all of these differences were statistically significant regardless of the suction pattern used (P Ͻ 0.05), suggesting that women preferred the SBP to the CBP and that the specific suction pattern was of less importance. The mothers in Protocol II compared the efficiency, effi- cacy, comfort, and convenience of the single-and two-phase suction patterns in the SBP on Day 7 of exclusive use of the SBP (Table 6 ). Similar to the evaluations by the mothers in Protocol I, both suction patterns were rated very highly, and no statistically significant differences between the patterns were observed. Upon completion of exclusive use of the SBP, mothers returned to exclusive use of the CBP for 5 days.
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Mothers were then asked to compare the CBP to the SBP. The SBP was rated as significantly more comfortable than the CBP, regardless of which suction pattern the mothers had used in the SBP (Table 6) . No other significant differences were noted for efficiency, efficacy, or convenience of the two breast pumps.
Discussion
The findings of this study represent the first randomized trial to focus specifically on the efficiency, efficacy, comfort, and convenience of a dual electric breast pump in pump-dependent mothers of VLBW infants during the first weeks post-birth. This multisite study examined the outcome measures of efficiency, efficacy, comfort, and convenience using a blinded and randomized design that permitted the study of these variables in both a laboratory-type setting and in a more typical home-hospital environment. These findings suggest that the SBP was as efficient and effective as the CBP, but was more comfortable to use. The finding that 91.4% of the mothers who completed Protocol I selected a multiphase versus a single-phase suction pattern for use after completion of the randomized trial, even though they were blinded to the specific features of the suction pattern, suggests that they preferred a multiphase to a single-phase suction pattern.
Maternal perceptions of comfort
Our findings reveal that the measures of pump efficiency and efficacy were remarkably similar for all suction patterns within the SBP and also between the SBP and the CBP. However, mothers from both protocols perceived that the SBP was more comfortable to use, regardless of the specific suction pattern within the SBP when compared to the CBP. The mothers in Protocol I, who used the CBP for all pumpings other than the six observed sessions with the SBP, rated all three patterns in the SBP as more comfortable than the CBP, including the single-phase pattern, which was identical to the suction pattern in the CBP. Similarly, the mothers in Protocol II who trialed one of two suction patterns in the SBP for 7 days and then used the CBP for 5 days rated the SBP as more comfortable than the CBP, including those mothers who used the single-phase pattern in the SBP, which was identical to the suction pattern in the CBP.
The finding that mothers in both protocols found the single-phase pattern to be more comfortable in the SBP than in the CBP was a surprising outcome, since these suction patterns were identical. However, subtleties and/or the ease with which the mothers regulated the absolute amount of pressure within the suction pattern in the SBP may have influenced their perceptions of comfort. Similarly, factors other than physical comfort, especially the quietness of the SBP, may have influenced the mothers' perceptions of overall comfort. Many mothers offered comments about preferring the quiet- ness of the SBP on the Maternal Perceptions Questionnaire, often contrasting it specifically to the sounds generated by piston cycling in the CBP. Several mothers elaborated about quietness in the questionnaire, citing examples of being able to use the pump without drawing attention to themselves in public settings. Thus, it is possible that quietness may have influenced maternal perceptions of comfort, but quietness of the pump was not measured directly in this study. Whereas comfort is a major consideration for any woman who uses a breast pump, it is essential for a mother who must use it multiple times daily over a period of weeks or months. The available data suggest that pump-dependent mothers of VLBW infants experience a "love-hate" relationship with the breast pump, 36 in that the pump provides a "lifeline" to their infants 37 but that the process of milk removal is mechanical, awkward, and time-consuming. [36] [37] [38] [39] A pump that is perceived as more comfortable by mothers may result in favorable lactation outcomes that were not measured in this study. For example, a recent study examined lactation outcomes for mothers of VLBW infants whose initial intent was to formula-feed, but changed their decision to provide mothers' milk. 36 These mothers indicated that a major reason for the initial decision to formula-feed was a fear that breast pump use would be uncomfortable. When these women changed the decision to provide milk for their VLBW infants and realized that pumping was not painful, 100% of the sample continued to provide milk for their infants for at least 30 days, and 91% went on to feed at breast. Thus, the consistently higher comfort ratings for the SBP may translate into other desirable lactation outcomes for pump-dependent mothers that were not measured in this study, such as higher rates of lactation initiation or a longer duration of milk expression.
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Time to milk ejection
Of the five efficiency measures, the only statistically significant difference among the patterns in the SBP or between the SBP and the CBP was the significantly shorter time for the time to milk ejection for mothers in Protocol I when they used the single-phase suction pattern in the SBP (Table 2) . Because the single-phase suction pattern was programmed to be identical to the suction pattern in the CBP, the quicker onset of milk ejection probably reflects the mother's initial conditioning to the CBP. Although previous investigators have demonstrated that milk ejection is conditioned for mothers of breastfeeding infants, 30 these findings suggest that milk ejection is also conditioned for pump-dependent women and that this conditioning is to the suction pattern in the breast pump.
The finding that the milk ejection occurred more quickly in response to the single-phase pattern in the SBP is especially interesting because it is inconsistent with the findings of Kent et al., 30 who studied this same pattern and six other suction patterns in 28 breastfeeding mothers of older infants. Whereas the pump-dependent mothers in our study experienced milk ejection most quickly with this pattern, it resulted in the most delayed milk ejection for the breastfeeding mothers in the previous study, who rated it as the most "unlike" their breastfeeding infant when comparing it with the six other patterns. In the study of Kent et al., 30 the milk ejection occurred most quickly in response to the more rapid suction patterns that are characteristic of the infant's greater sucking frequencies at the breast prior to the onset of milk ejection. 30, 40 For the pump-dependent women in our study, more rapid cycling of the pump occurred with the two multiphase suction patterns, but these patterns resulted in a significantly delayed milk ejection. Thus, milk ejection for the women in our study had apparently become conditioned to a suction pattern that is inconsistent with the sucking pattern of the breastfeeding infant. 30, 40 These findings about conditioning of milk ejection may have important implications for pump-dependent mothers who initiate lactation with a breast pump and later transition their preterm infants to feedings directly from the breast. Clinicians have long reported delayed milk ejection in response to the suckling of the preterm infant once at-breast feedings are initiated, and a common recommendation was to use the pump at the alternate breast to elicit milk ejection. 41 This clinical observation was validated electronically by Meier, 42 in which suck-breathe patterning was measured during at-breast feedings for small preterm infants. Those data demonstrated 7 to 26-minute delays in milk ejection after the onset of sucking by the preterm infant, often resulting in the infant falling asleep before any milk was transferred. 42 Thus, we hypothesize that it may be advantageous to condition milk ejection in pump-dependent women to a suction pattern that is more like that of the breastfeeding infant. Future studies should investigate this relationship.
In summary, these findings demonstrate that the SBP was as efficient and effective as the CBP but was more comfortable to use for pump-dependent mothers of VLBW infants. Only the onset of milk ejection differed for the suction patterns, occurring significantly more rapidly for the singlephase pattern in the SBP, which all mothers had used in the CBP to initiate lactation. This finding suggests initial conditioning of milk ejection to the suction pattern in the breast pump. Given the number of pump-dependent women worldwide, it is important that subsequent research compare the measures of efficiency, efficacy, comfort, and convenience of breast pumps as evaluated in this study to determine the impact of maternal, environmental, and management strategies on lactation outcomes.
